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Dog-clutch coupling device 

The invention relates to a device for coupling two 
shafts intended to rotate in the continuation of one 
5 another. A dog clutch couples the two shafts. A dog 
clutch generally comprises teeth or dogs belonging to 
each of the two shafts. When the teeth (or dogs) 
collaborate with one another, the two shafts are 
coupled. A dog-clutch coupling device also comprises 
10 means for separating the teeth of each shaft in order 
to uncouple them. These means will be known as 
declutching means in the remainder of the description. 

Known declutching means entail stopping the rotation of 
15 the two shafts and applying a significant external 
force in order to separate the teeth. This is because 
the teeth are generally held in contact with one 
another by means of a spring and it is therefore 
necessary to overcome the force of the spring in order 
2 0 to declutch. 

As a result, it is not possible to use a known dog- 
clutch coupling for coupling a starter motor with an 
engine if there is a desire to uncouple the starter 
25 motor when the engine has started. 

It is an object of the invention to alleviate these 
drawbacks by proposing a dog-clutch coupling device for 
which the declutching means can uncouple the shafts 
30 even when these are rotating and in which the 
declutching means can uncouple the shafts automatically 
if the resistive torque between a driving shaft and a 
driven shaft reverses. 

35 To this end, the subject of the invention is a device 

for coupling a driving shaft and a driven shaft which 

are intended to rotate with respect to a casing in the 

continuation of one another substantially about an 
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axis, the device comprising a dog clutch allowing the 
driving shaft to drive the driven shaft and declutching 
means allowing the dog clutch to be uncoupled from a 
clutch-engaged position to a declutched position, 
5 characterized in that the declutching means comprise at 
least one first channel secured to a driving element of 
the dog clutch, the first channel having the shape of a 
portion of a torus about the axis, at least one second 
channel secured to the driving shaft, the second 
10 channel having a helical shape about the axis, and a 
rolling element intended to roll between the first and 
in the second channel. 

The invention also makes it possible considerably to 
15 reduce the force necessary for declutching. By virtue 
of the invention, the force needed to separate the 
teeth of the dog clutch is provided no longer by means 
external to the device but by the device itself and, 
more specifically by the rotational energy of the 
20 shafts. 

The invention also makes it possible significantly to 
reduce the mass of the declutching means and to improve 
their compactness. 

25 

The invention will be better understood and other 
advantages will become apparent from reading the 
detailed description of one embodiment of the 
invention, given by way of example, the description 
30 being illustrated by the attached drawing in which: 

• figure 1 depicts a coupling device according to 
the invention, in section along the axis of the 
two shafts; the upper part of the section depicts 
the coupling device in the clutch-engaged position 

35 and the lower part of the section represents the 

coupling device in the declutched position; 

• figures 2a and 2b depict the channels and the 
rolling element in development about the axis of 
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rotation of the shafts; 

• figure 3 depicts one exemplary embodiment of the 
teeth of the dog clutch; 

• figure 4 depicts, in section at right angles to 
5 the axis of rotation of the shafts, means for 

braking the driving element and free wheel means. 

Figure 1 depicts a coupling device in section along a 
plane containing an axis 1 about which two shafts 2 and 

10 3 can rotate with respect to a casing 4. The shaft 2 
is, for example, that of the rotor of an electric motor 
used as a starter motor. A rotary bearing comprising, 
for example, a rolling bearing assembly 7 allows the 
shaft 2 to rotate with respect to the casing 4, the 

15 rotation being about the axis 1. The shaft 3 makes it 
possible, for example, to couple the electric motor to 
a transfer box (not depicted) . 

A dog clutch 9 allows the shafts 2 and 3 to be coupled 
2 0 and uncoupled. According to the example depicted, the 
dog clutch 9 comprises a first series of teeth 10 
secured to a driving element 12 of the dog clutch 9 and 
a second series of teeth 11 secured to the shaft 2. The 
teeth 10 and the teeth 11 collaborate with one another 
25 in such a way as to allow the shaft 2 to be driven by 
the shaft 3 when the coupling device is in the clutch- 
engaged position. 

Declutching means allow the teeth 10 and 11 to be 
30 uncoupled. The declutching means comprise at least one 
first channel 13, secured to the driving element 12, 
and having the shape of a portion of a torus about the 
axis 1. The declutching means also comprise at least 
one second channel 16 secured to the shaft 2. The 
35 second channel 16 has a helical shape about the axis 1. 
The declutching means also comprise a rolling element 
17 intended to roll between the first and the second 
channels 13 and 16. The rolling element 17 is 
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advantageously a spherical ball. An elastic element 
such as, for example, a helical spring 18 tends to keep 
the teeth 10 and 11 uncoupled. The helical spring 18 
bears between the driving shaft 2 and the driving 
5 element 12 of the dog clutch 9. The driving element 12 
can move in a helix with respect to the shaft 2 about 
the axis 1. It is possible to provide a component of 
revolution 14 about the axis 1, free to rotate with 
respect to the driving element 12. The helical spring 

10 18 then bears against the driving element 12 via the 
component of revolution 14 which, driven by the helical 
spring 18, constantly turns at the same rotational 
speed as the shaft 2 about the axis 1. The rotational 
freedom of the component of revolution 14 with respect 

15 to the driving element 2 may be afforded by a thrust 
ball bearing 15. 

When the teeth 10 and 11 of the dog clutch 9 are 
coupled and the shaft 2 is driving, that is to say 

20 exerting a driving torque on the shaft 3, the driving 
element 12 is braked in its rotation about the axis 1 
by the teeth 11 secured to the shaft 3. The braking of 
the driving element 12 tends to move the driving 
element 12 with respect to the shaft 2 in its helical 

25 movement so that the teeth 10 and 11 remain coupled. 

By contrast, when the shaft 2 no longer exerts a 
driving torque on the shaft 3, the spring 18 tends to 
move the driving element 12 with respect to the shaft 2 
30 in its helical movement in the opposite direction to 
the movement previously described such that the teeth 

10 and 11 uncouple. The uncoupling of the teeth 10 and 

11 takes place automatically when the shaft 2 ceases to 
exert a driving torque on the shaft 3. The automatic 

35 uncoupling is useful when, for example, the shaft 2 is 
that of a starter motor and the shaft 3 is that of an 
engine that the starter motor is to start. Initially, 
the starter motor drives the engine and the dog clutch 
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9 'remai/is coupled. Then, when the engine has started 
up, the dog clutch 9 automatically uncouples itself 
without external intervention. 

5 Advantageously, the second channel 16 is made in a 
sleeve 19 attached to the shaft 2. The sleeve 19 is 
secured to the shaft 2 . A connection in terms of 
rotation about the shaft 1 between the sleeve 19 and 
the shaft 2 is made, for example, using splines 8. The 

10 sleeve 19 is prevented from effecting any translational 
movement with respect to the shaft 2, for example, by 
means of a screw 5 screwed into the shaft 2 and the 
head of which presses against the sleeve 19 via a 
washer 6. The sleeve 19 may advantageously act as a 

15 thrust face for the interior cage of the rolling 
bearing assembly 7. 

Advantageously, the coupling device comprises three 
first channels 13 distributed uniformly about the axis 
20 1, three second channels 16 distributed in the same way 
as the three first channels 13, and three rolling 
elements 17. 

More specifically, a rolling element 17 can roll 
25 between one of the three first channels 13 and one of 
the three second channels 16. The same is true of the 
other channels 13 and 16 which all operate, in pairs, 
with a rolling element 17 between each channel 13 and 
16 of the pair. The three pairs of channels 13 and 16 
30 and their associated rolling element 17 are depicted in 
figures 2a and 2b in development about the axis 1. 
Figure 2a depicts the declutched position and figure 2b 
depicts the clutch-engaged position. Figures 2a and 2b 
show the three channels 13 made in the continuation of 
35 one another and running at right angles to the axis 1. 
Also visible is the helical shape of the three channels 
16. The helix angle of the channels 16 is, for example, 
10° . 
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Advantageously, the teeth of each series have 
complementing triangular shapes, the shapes are made in 
such a way that when the driving shaft 2 drives the 
5 driven shaft 3, a continuation of each contacting 
surface of each series of teeth contains the axis 1. 

An example of a tooth shape is clearly visible in 
figure 3. In other words, when the driving shaft 2 

10 drives the shaft at 3, each tooth 10 exerts a force on 
a corresponding tooth 11 in a direction at right angles 
to the axis 1. Conversely, if the driven shaft tends to 
drive the driving shaft, each tooth 11 exerts a force 
on a corresponding tooth 10 in a direction such that a 

15 component of this force tends to separate the two 
series of teeth 10 and 11 and therefore tends to 
declutch. Figure 3 is a partial development about the 
axis 1. The direction of rotation of the shafts is 
indicated by the arrow 20. 

20 

When the device is stationary, the teeth 10 and 11 of 
the dog clutch 9 are uncoupled because of the action of 
the helical spring 18 which keeps the driving element 
12 in the position depicted in the lower part of 

25 figure 1, known as the declutched position. The spring 
stiffness of the helical spring 18 can be selected such 
that when the driving shaft 2 is set in motion, the 
inertia of the driving element 12 is enough for the 
rolling elements 17 to move in the channels 13 and 16 

30 and for the driving element 12 to leave the declutched 
position and approach the clutch-engaged position 
depicted in the upper part of figure 1. Even if the 
inertia of the driving element 12 is not enough to 
reach the clutch-engaged position, all that is required 

35 is for the teeth 10 and 11 to come into contact with 
one another to cause the inertia of the driving element 
12 to increase and the driving element 12 therefore to 
reach the clutch-engaged position. 
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The shaft 2 may be set in motion even if the driven 
shaft 3 is not stationary. In this case, when the speed 
of the driven shaft 3, engagement takes place. 

5 

Advantageously, clutch engagement can be improved when 
the driving shaft 2 is set in motion by arranging 
within the device a brake 21 intended to slow the 
driving element 12 in its rotation with respect to the 

10 driving shaft 2. In practice, the brake 21 can be 
placed inside the casing 4 and brake the rotation of 
the driving element 12. By braking the driving element 
12 with respect to the casing 4, the driving element 12 
is slowed with respect to the driving shaft 2 when the 

15 driving shaft 2 is set in motion. The brake is, for 
example, of the reluctance type so as to avoid any 
mechanical friction between the casing 4 and the 
driving element 2 . In one embodiment given by way of 
example and depicted in figure 4, the brake 21 

20 comprises a plurality of slots 22 made in a magnetic 
material belonging to the driving element 12, a 
plurality of permanent magnets 23 secured to the casing 
4 and in interaction with the magnetic material. 

25 The slots 22 are situated on an exterior cylindrical 
part 24 of the driving element 12, which cylindrical 
part 24 is of the axis 1. The cylindrical part 24 is 
made of the magnetic material. The permanent magnets 23 
are situated in an interior cylindrical part 25 of the 

30 casing 4. The interior cylindrical part 25 is also of 
axis 1 so that when the driving element 12 rotates 
inside the casing 4, each permanent magnet 23 interacts 
magnetically with a slot 22 then with a solid part 26 
of the magnetic material of the driving element 12 

35 alternately. A solid part 26 separates two slots 22 and 
there are as many slots 22 as there are solid parts 26 
on the exterior cylindrical part 24. The alternating 
interaction of the permanent magnets 23 with the slots 
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22' and .with the solid parts 26 generates forces which 
tend, to slow the driving element 12 in its rotation 
about the axis 1. 

5 Advantageously, the coupling device comprises means 
allowing the driving element 12 to rotate in just one 
direction of rotation about the axis 1. 

These means are also known as a free wheel. These means 
10 comprise, for example, at least one roller 27 free to 
rotate with respect to a cage 28 secured to the casing 
4, a surface of revolution 29 belonging to the driving 
element 2 and the axis of which is coincident with the 
axis 1 of rotation of the driving element, a ramp 30 
15 belonging to the casing 4 and inclined with respect to 
a tangent to the surface of revolution 29 at a region 
on the surface of revolution where the roller 27 is 
liable to roll, and an elastic element 31 opposing the 
movement of the roller 27 along the ramp 30. 

20 

In figure 4, six rollers 27 have been depicted with 
their ramp 30 and their respective elastic element 31. 
The surface of revolution 31 is common to all the 
rollers 27. 

25 

When the driving element 12 attempts to rotate in the 
direction illustrated by the arrow 32, the rollers 27 
become wedged between their respective ramps 30 and the 
surface of revolution 29 and rotation is impossible. By 

30 contrast, when the driving element 12 attempts to 
rotate in the opposite direction, that is to say the 
direction illustrated by the arrow 33, the rollers 27 
are able to roll freely between the surface of 
revolution 29 and their respective ramps. In this 

35 direction 33, the driving element 12 is able to rotate. 

In addition, when the surface of revolution 29 is near 
the slots 22 and the solid parts 26, so that there can 



- 9 - 



be* magnetic interaction between the rollers 27 and the 
surface of revolution, rotation of the driving element 
12 tends to move the rollers 27 away from the surface 
of revolution 29, thereby compressing the elastic 
5 element 31. This makes it possible to avoid any 
friction in the rotation of the driving element 12 with 
respect to the casing 4. 



